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Abstract: Impacts of the El Niño-Southern Oscillation (ENSO) and Indian Ocean 
Dipole (IOD) events on the Indonesian rainfall were studied using observational data 
and the NCEP/NCAR reanalyzing global data. ENSO and IOD variability in the 
time-periods are detected by using wavelet analysis, and we attempt composite analysis 
of the rainfall amounts over Indonesia during ENSO and IOD events. The correlation 
between strong El Niño intensities and several regions in Indonesia with rainfall below 
normal (< 85%) are high, but when the intensities are weak the correlation becomes low. 
In this case other phenomena such as IOD can contribute to drought in Indonesia. Our 
analysis also indicates that during El Niño and positive IOD events, the southeast 
monsoon (Australian monsoon) over Indonesia is intensified, causing the dry season 
longer than rainy season. 
Keywords: NCEP/NCAR reanalyzing data, observational rainfall data, ENSO, IOD, and 
wavelet analysis. 
 
1.Introduction  
Sea surface temperature (SST) variability in the tropical Pacific Ocean such as El 
Niño-Southern Oscillation (ENSO) phenomena is associated with drought and flooding in 
many parts of globe. El Niño (La Niña) represents the warm (cool) phase of the ENSO 
cycle. The term El Niño (La Niña) refers to a periodic warming (cooling) in SST across the 
central and east-central equatorial Pacific (Fig. 1).  
Recently it has been pointed out that conditions in the Indian Ocean might also affect 
climate variability in Indonesia. The El-Niño like temperature anomaly in the Indian Ocean 
is called the Indian Ocean Dipole, or IOD (Saji et al., 1999, Webster et al., 1999; Hendon, 
2003). The IOD event has raised a number of new questions about its generation and 
possible interactions with other climate phenomena. During a positive IOD event, the SST 
drops in the southeastern part of the Indian Ocean, off the northern coast of Australia, the 
eastern coast of Japan and throughout Indonesia. At the same time, the SST rises in the 
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western equatorial Indian Ocean and off the eastern coast of Africa. This SST increase 
leads to heavy rainfall over the east Africa and severe droughts/forest fires over Indonesia 
(Fig.2, left). The negative IOD event, on the other hand, is in effect the reversal of the 
positive IOD (Fig.2, right). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A number of studies have reported that Indonesian rainfall is strongly affected by the 
ENSO phenomena (Philander, 1990; Hendon, 2003), and also by the IOD event (Saji et al., 
1999; Webster, et al, 1999; Hendon, 2003). Geographically, Indonesia is not a country that 
seriously suffers from droughts. However, when affected by the warm episode of ENSO 
and IOD, rainfall becomes much lower than the normal amount. 
In this paper we demonstrate the clear impact of the ENSO and IOD events on the 
Indonesian rainfall. Wavelet analysis is used to analysis the time-periods of ENSO and 
IOD variability, and we attempt composite analysis of the rainfall amounts over Indonesia 
during ENSO and IOD events. 
 
Fig.2 Illustrative of the sea surface temperature pattern on the positive IOD and the 
negative IOD events (source: http://indianocean.free.fr/links.htm)  
Positive IOD event Negative IOD event
Fig.1 Sea surface temperature anomaly pattern on the El Niño and La Niña events.  
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2.Data and methodology 
For sea-surface temperature (SST), wind and rainfall, we use monthly data in this 
study. The ENSO index is measured by the area-average SST anomaly in Niño 3.4 region 
(5oS–5oN, 120o–170oW), and obtained from the NOAA Climate Prediction Center web site 
(http://www.cpc.ncep.noaa.gov/). The IOD index as reported by Saji et al (1999) is defined 
as the SST anomaly difference between the tropical western Indian Ocean 
(10oS–10oN;50o–70oE) and the tropical south-eastern Indian Ocean (10oS–Eq;90o–110oE). 
The global data on SST, rainfall and surface wind are derived from the NCEP-NCAR 
reanalysis data. For validation of result, rainfall data from ground observations at 7 
meteorology stations in Indonesia (in Fig.7) are used in this analysis (Indonesian 
Meteorology and Geophysics Agency (BMG), 2002, personal communication).  
To detect the time-periods, the ENSO and IOD indices are analyzed with wavelet 
transform. Wavelet analysis is a useful tool for analyzing time series with many different 
timescales or changes in variance. Here we employ the Morlet wavelet (MW), and the 
transform is performed in Fourier space using the method described in Torrence and Compo 
(1998). The MW consists of a complex exponential function modulated by a Gaussian. The 
wavelet power spectrum (WPS) is defined as the square of the absolute value of the wavelet 
transform, giving a measure of the time series variance at each period and at each time. To 
study the non-stationary change of a variance, it is most appropriate to choose the global 
wavelet spectrum (GWS). The GWS is equivalent to the Fourier power spectrum smoothed 
by the Morlet wavelet function in the Fourier domain. The steps involved in the wavelet 
analysis are given as a schematic flow chart below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Wavelet Transform (WT) 
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Fig.3 Flow chart of the Wavelet analysis 
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Fig.4 Wavelet power spectrum and Global Wavelet 
Spectrum (GWS) for: (a) ENSO index and (b) 
IOD index.  
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3. Results and discussion 
Since the ENSO and IOD indices are non-orthogonal (Yamagata et al, 2002), it would 
be reasonable to investigate the possible interactions between ENSO and IOD. Bannu et al, 
2005 has reported that the ENSO and IOD events show the strong 2 – 8 year inter-annual 
cycles. This result suggested that some IOD events coincide with some ENSO events. Using 
wavelet analysis, we find that three of the major warm ENSO events (i.e., those in 1972, 
1982, 1997) are accompanied with positive IOD events (Fig. 4a and 4b).  
Accordingly, WT analysis 
can detect variations of power 
spectrum by decomposing the 
ENSO/IOD indices into 
time–periods. As a result, one 
can determine the dominant 
modes of variability and 
understand how those modes 
vary in time. 
In Indonesia, drought 
conditions during the dry season 
(June – November) typically 
occur in conjunction with the 
development of El Niño in the 
Pacific. This is typically 
represented by cold anomalously 
SST around Indonesia while 
warm anomalies develop in the 
eastern Pacific and western 
Indian Oceans. Conversely, enhanced Indonesian rainfall during the dry season often occurs 
during the development of La Nina, with SST anomalies opposite to those of El Niño. 
Seasonal relationships between Indonesian rainfall throughout the Indo-Pacific basin are 
explored by calculating seasonal anomaly. In contrast to the IOD 1994 event where the 
dipole is prominent only in the Indian Ocean (Fig.5, left), a similar phenomenon in 1997 
was accompanied by another dipole pattern in the Pacific due to the co-occurrence of the 
well-known El Niño event (Fig.5, right). The correlation between strong El Niño intensities 
and several regions in Indonesia with rainfall below normal (< 85%) are high, but when the 
intensities are weak the correlation becomes low. In this case other phenomena such as 
IOD can contribute to drought in Indonesia. Our analysis also indicates that during El Niño 
and positive IOD events, the southeast monsoon over Indonesia is intensified (Fig.8), 
causing the dry season longer than the rainy season (Fig.6 and Fig.7).  
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Fig.5 Anomalies of the rainfall on September – November, for 1994 (left) and 
1997 (right). Values are in (mm.month-1). 
0
20
40
60
80
100
120
140
Jakarta Makassar Manado Surabaya Padang Pontianak Ambon
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
in % 
Fig.6 Seasonal rainfall percentage during ENSO and IOD events. Below normal 
(< 85%), normal (85 – 115%), and above normal (>115%).   
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Fig.7 Seasonal rainfall percentages for ground observations data during ENSO and IOD 
events. Below normal (85%; dotted line) and above normal (115 %; solid line).   
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Fig.8 Composite analysis of the SST and surface 
wind anomaly during El Nino and positive 
IOD events. 
Interestingly, the positive 
IOD and the warm episode of 
ENSO have opposite 
influences in the Far East 
including Japan (Fig. 2a and 
2b); positive (negative) IOD 
events give rise to warm and 
dry (cold and wet) summer 
owing to enhancement of 
downdraft in the troposphere 
(Yamagata et al, 2002). The 
Indian summer monsoon 
rainfall (ISMR) is enhanced 
(decreased) during positive 
(negative) IOD events; the recent weakening of ENSO-ISMR relation may be interpreted in 
terms of frequent occurrence of the positive IOD in the recent decade (Ashok et al., 2001). 
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